Objective: To investigate the value of D-dimer and protein S plasma concentrations for diagnosis of portal vein thrombosis (PVT) in patients with liver cirrhosis. Methods: D-dimer and protein S were quantified, PVT was diagnosed by dynamic enhanced computed tomography and liver function was classified using the Child-Pugh system. Receiver operating curve analysis was performed. Results: D-dimer increased, and protein S decreased, with decreasing liver function in the total study population (n ¼ 188). D-dimer concentrations were significantly higher and protein S concentrations were significantly lower in patients with (n ¼ 51) than those without PVT (n ¼ 137). D-dimer had high specificity and negative predictive value (NPV) in Child-Pugh class A or B patients (cut-off values>0.56 mg/l and >1.18 mg/l, respectively). In class C patients>0.77 mg/l D-dimer had high sensitivity and NPV. Protein S had high sensitivity but low specificity in class A or B patients (cut-off values < 17.4 mg/l and <19.2 mg/l, respectively). Conclusion: Plasma D-dimer and protein S are potential biomarkers for PVT diagnosis in patients with cirrhosis. PVT can be excluded when D-dimer is low and protein S is elevated.
Introduction
The liver plays a vital role in the coagulation process as it synthesizes and metabolizes the majority of fibrinolytic factors, as well as coagulation factors and inhibitors. Liver failure may disrupt the haemostatic system, leading to severe bleeding or thrombotic complications. Portal vein thrombosis (PVT) was originally thought to be a rare complication of decompensated cirrhosis, with an estimated prevalence of 0.57% of all patients with cirrhosis who had not undergone splenectomy. 1 Advances in imaging techniques have resulted in 5-27% of patients with liver cirrhosis being diagnosed with PVT. [2] [3] [4] [5] PVT is more commonly seen in end-stage liver disease 6 and may be associated with sclerotherapy, abdominal surgery or hepatocellular carcinoma. 7, 8 Although patients with liver cirrhosis generally have impaired coagulation, it is possible for a hypercoagulable state to develop, due to increases in coagulation factor VIII and concurrent decreases in anticoagulant factors, such as protein C. 9, 10 PVT formation may also be associated with inherited mutations of thrombophilic genes such as thrombin G20210A mutation, methylenetetrahydrofolate reductase 677CT mutation, or factor V Leiden mutation. [11] [12] [13] [14] In addition, the presence of anticardiolipin antibodies and increased P-selectin concentrations have both been linked to PVT. 15, 16 Life-threatening complications such as refractory ascites, upper gastrointestinal bleeding and intestinal ischaemia and necrosis can occur in patients with PVT. 17 It is therefore necessary to develop efficient methods for detecting PVT, in order to allow earlier diagnosis and treatment and avoid severe complications. D-dimer is formed by the factor XIII cross-linking and plasmin hydrolysis of fibrin monomer, and is an early diagnostic marker for thrombosis as well as a sensitive indicator of abnormal coagulation and fibrinolysis. 18 D-dimer concentrations are routinely determined in the differential diagnosis of venous thromboembolism, including deep vein thrombosis and pulmonary embolism. 19, 20 In addition, D-dimer concentrations increase with deteriorating liver function and may be associated with PVT. 5 The plasma glycoprotein protein S is mainly synthesized in the liver and is present in platelet a-granules and vascular endothelial cells. 21, 22 Protein S acts as an important cofactor for activated protein C (an anticoagulant) and enhances the protein C-mediated inactivation of factor Va and factor VIIIa. 23 Concentrations of protein S decline with deteriorating liver function, 24 but this is not well documented in patients with cirrhosis and PVT. Studies have indicated that protein S concentrations correlate with venous thromboembolism, 25 suggesting that it may also be involved in PVT formation in patients with cirrhosis. The aim of the present study was to explore the combined value of D-dimer and protein S as potential biomarkers for the diagnosis of PVT in patients with cirrhosis.
Patients and methods

Study population
The study recruited patients with liver cirrhosis caused by hepatitis B, hepatitis C or alcoholism, who were attending the outpatient department of Beijing Chao-yang Hospital Affiliate of Capital Medical (Table 1) , and patients were classified as class A, class B or class C. 26 The study was carried out according to the principles of the Declaration of Helsinki and the guidelines of the Ethics Committee of Beijing Chao-yang Hospital Affiliate of Capital Medical University, Beijing, China. All patients provided written informed consent prior to enrolment in the study.
D-dimer and protein S quantification
Peripheral venous blood (15 ml) was collected from each patient into plastic tubes containing 1.5 ml of 0.109 mol/l sodium citrate. Blood was centrifuged at 2000 g for 10 min at 4 C and the resulting plasma was stored at À80 C until use. D-dimer and protein S were quantified using enzyme linked immunosorbent assay kits (Sun Biotech, Shanghai, China). The normal ranges of D-dimer and protein S are 0-0.5 mg/l and 19-26.8 mg/l, respectively.
PVT detection
Dynamic contrast enhanced computed tomography (CT) scans (GE LightSpeed Õ VCT, General Electric Company) were performed within 48 h following patient admission.
PVT was localized in the trunk and the left and/or right branches, with possible extensions in the splenic and superior or inferior mesenteric veins. Thrombosis was considered whenever filling defects were recorded in the CT images.
Statistical analyses
Data were presented as mean AE SD or n (%) and analysed using 2 -test, Student's t-test or Mann-Whitney U-test, as appropriate. Multiple groups were compared using single factor analysis of variance (least-significant difference test for group multiple comparisons) or Wilcoxon rank sum test. Receiver operating characteristic (ROC) curves, sensitivity, specificity, and positive and negative predictive values were determined to assess the diagnostic value of D-dimer and protein S. The area under the curve (AUC) was calculated, with a value <0.5 indicating the test was not valid. D-dimer and protein S cut-off values were chosen to yield tests with maximum AUC values. Statistical analyses were performed using SPSS Õ software, version 11.5 (SPSS Inc., Chicago, IL, USA) for Windows Õ . A P-value <0.05 was considered statistically significant.
Results
The study recruited 188 patients with liver cirrhosis (142 males/46 females; mean age 57.5 AE 11.9 years, age range 29-84 years), 51 (27.1%) of whom were diagnosed with PVT. Table 2 shows the demographic and clinical characteristics of the patients, stratified according to the presence or absence of PVT. There were no significant betweengroup differences in sex distribution, age, aetiology or Child-Pugh score. Patients with PVT had significantly higher D-dimer and lower protein S concentrations than those without (P < 0.01 for both comparisons, Table 2 ).
Data regarding D-dimer and protein S concentrations in the total study population, patients with PVT and control patients, stratified according to Child-Pugh classifications are shown in Tables 3 and 4, respectively. In the total study population, plasma D-dimer concentrations were significantly higher in Child-Pugh class B patients than in class A patients (P < 0.05), and in class C patients than class A patients (P < 0.01; Table 3 ). A similar pattern was observed in the control group, where D-dimer concentrations were significantly higher in group C patients than group A, and lower in group B than group C (P < 0.01 for both comparisons, Table 3 ). There were no significant differences in D-dimer concentrations between different Child-Pugh classifications in the PVT group, however. Concentrations of D-dimer were significantly higher in patients with PVT, compared with control patients with the same Child-Pugh classification (P < 0.05 for each comparison; Table 3 ).
Protein S concentrations decreased significantly with deteriorating liver function in the total study population and the control group (Table 4) , such that both Child-Pugh class B and class C patients had significantly lower protein S concentrations than class A patients (P < 0.05 for all comparisons; Table 4 ). There were no significant betweenclass differences in protein S concentration in the PVT group, however. Protein S concentrations were significantly lower in patients with PVT, compared with control patients with the same Child-Pugh classification (P < 0.05 for each comparison; Table 4 ). Results of receiver operating curve analysis of D-dimer and protein S concentrations for the total study population, and for patients stratified according to Child-Pugh classification, are shown in Table 5 . In class A patients, a D-dimer cutoff value of >0.56 mg/l provided good specificity and negative predictive value (NPV), but low sensitivity and positive predictive Table 5 . Results of receiver operating curve analysis of D-dimer and protein S plasma concentrations for the diagnosis of portal vein thrombosis in Chinese patients with liver cirrhosis, stratified according to Child-Pugh liver function classification. 26 Parameter Child-Pugh classification value (PPV). The protein S cut-off value of <17.39 mg/l, resulted in good sensitivity and NPV, but low specificity and PPV. In Child-Pugh class B patients, good specificity and NPV were achieved with a D-dimer cut-off value >1.18 mg/l. A protein S cut-off value of <19.2 mg/l provided good sensitivity and NPV, but low specificity and PPV. For class C patients, a D-dimer cut-off value of >0.77 mg/l resulted in high sensitivity and NPV, but low specificity and PPV.
In the total study population (classes A þ B þ C), a D-dimer cut-off value of >0.92 mg/l, resulted in good specificity and NPV, but low sensitivity and PPV. The protein S cut-off value of <16.36 mg/l provided good specificity and NPV, but a low sensitivity and PPV. D-dimer and protein S cut-off values of >0.24 mg/l and <25.73 mg/l respectively resulted in 100% sensitivity and NPV in the diagnosis of PVT, but very low specificity and PPV (Table 5 ).
Discussion
The overall prevalence of PVT formation in liver cirrhosis ranges between 5% and 27%, [2] [3] [4] [5] or higher if hepatocellular carcinoma cases are included. 27, 28 The prevalence of PVT in the current study was high (27%), possibly due to the severity of cirrhosis in the study cohort (83% of cases were Child-Pugh class B or C). This may not be the sole explanation, however, because a similar proportion of patients with and without PVT were classified as Child-Pugh class C.
The fibrin degradation product D-dimer is a sensitive marker of coagulation and fibrinolysis. 29 Patients with cirrhosis who have increased D-dimer concentrations may have hyper-fibrinolysis, including primary coagulation activation, delayed hepatic clearance of tissue plasminogen activator and reduced hepatic synthesis of fibrinolytic inhibitor. 30, 31 Findings of the current study were in accordance with other data that revealed increased D-dimer concentrations with deteriorating liver function. 32 Presence of PVT was associated with a significant increase in the D-dimer concentration in the present study, but was not dependent on Child-Pugh classification. Ddimer evaluations have been shown to have high sensitivity and NPV for the diagnosis of venous thromboembolism, such that this complication can be excluded when the Ddimer concentration is <0.2 mg/l. 20 D-dimer concentrations were shown to have high specificity but low sensitivity for the diagnosis of PVT in Child-Pugh class A or B patients in the present study. In contrast, a D-dimer concentration >0.77 mg/l in class C patients had high sensitivity and NPV in the present study, but low specificity and PPV, possibly related to deterioration in liver function in severely affected patients.
Protein S is an important cofactor that enhances the protein C inhibition of factor Va and factor VIIIa. 23 Protein S concentrations were found to decrease with deteriorating liver function in the present study, in accordance with the findings of others. 5 Protein S has been proposed as a sensitive indicator of liver cell dysfunction. 33 While coagulation function is altered by liver dysfunction, anticoagulant factors such as protein S decrease in a higher proportion in patients with cirrhosis. 6 Thus, a relatively hypercoagulable state can develop with a large amount of protein S consumed after the formation of PVT. Both liver function deterioration and PVT formation can contribute to decreased protein S concentrations, which have been associated with venous thromboembolism and ischaemic stroke. 25, 34 Protein S had a high sensitivity but a low specificity for the diagnosis of PVT in Child-Pugh class A or B patients in the present study. In Child-Pugh class C patients, there was no statistically significant difference between patients with, or without, PVT. It was possible to achieve 100% sensitivity and NPV in the diagnosis of PVT for the total study population with a D-dimer cut-off value of <0.24 mg/l and a protein S cut-off value of >25.73 mg/l, but the specificity and PPV were very low. The current study did reveal that significant decreases in D-dimer, or increases in protein S, could be used to exclude PVT in patients with liver cirrhosis.
The cause of PVT in cirrhosis remains unknown, and the prognosis of these patients is poor. Although anticoagulant therapy by low-molecular weight heparin and antithrombin III may be effective in theory, the risk of bleeding hampers the realization of large-scale clinical studies. 35, 36 A transjugular intrahepatic portosystemic shunt may be the most effective therapeutic option in patients with cirrhosis who develop nonmalignant PVT. [37] [38] [39] In conclusion, plasma D-dimer and protein S concentrations are potential biochemical markers in the diagnostic strategy of PVT, in patients with cirrhosis. PVT can be excluded in cases where the D-dimer concentration is significantly low and the protein S concentration significantly enhanced. In the case of elevated D-dimer and low protein S concentrations, presence of PVT is suspected and specific imaging techniques should be performed to confirm the diagnosis and initiate early treatment.
